Objective. Genetic variants in the transcription factor 7-like 2 (TCF7L2) gene have been described as the most noteworthy ones regarding the type 2 diabetes mellitus (T2DM) liability. This work is aimed to evaluate the association between rs12255372 and rs7903146 polymorphisms and T2DM in patients with cardiovascular disease (CAD) risk.
Type 2 diabetes mellitus (T2DM) has a complex etiology, being influenced by a variety of environmental and genetic risk factors (Travers and McCarthy 2011; Szabo et al. 2018) . In 2006, the deCode Genetics group linked the 10q chromosome to T2DM, in an investigation of 1185 T2DM Icelandic patients and 931 controls, suggesting a possible effect for variants in the transcription factor 7-like 2 (TCF7L2) gene. Later on, the authors were able to replicate the findings in a Danish cohort and in a US cohort (Grant et al. 2006) . Right after, the first genome-wide association study (GWAS) of T2DM, conducted in 1161 Finnish cases and 1174 Finnish controls, confirmed the importance of this gene in the Finnish population (Scott et al. 2007 ). Since then, many studies have been published, endorsing the strong association be-tween different polymorphisms in the TCF7L2 and T2DM, in a variety of populations (Lyssenko et al. 2007; Chauhan et al. 2010; Long et al. 2012; Turki et al. 2013; Assmann et al. 2014) .
TCF7L2 gene product is a transcription factor that plays an essential role in the Wnt signaling pathway, acting on the cell proliferation and polarization, embryogenesis, and tissue homeostasis (Weedon 2007; MacDonald et al. 2009 ). Activation of the Wnt pathway results in β-catenin binding to one of the TCF/ Lef transcription factors family, for instance, the TCF7L2, leading to the activation of the target genes expression (Jin 2008; Dawson et al. 2013) . In vitro and in vivo studies have shown that the Wnt pathway regulates beta pancreatic cell proliferation and acts on insulin secretion. It is also accepted that changes in this pathway can alter the insulin action and resistance, facilitating the T2DM onset (Rulifson et al. 2007; Schinner et al. 2007; Liu and Habener 2008; Palsgaard et al. 2012) .
TCF7L2 gene variants, particularly the polymorphisms rs7903146 (C/T) -intron 3 and rs12255372 (G/T) -intron 4, have been described as one of the most significant for the T2DM development (Lyssenko et al. 2007; Tong et al. 2009; Ali 2013) . It has been shown that carriers of the rs7903146 risk allele (T-allele) have a decreased insulin secretion when submitted to a glucose tolerance test and higher endogenous glucose production. Moreover, carriers of the T risk allele, in both polymorphisms (rs7903146 and rs12255372), are known to have higher chances of developing T2DM during their lifetime, when compared to non-carriers of the risk alleles (Lyssenko et al. 2007; Schafer et al. 2007 ). In post-mortem investigations, a higher level of the TCF7L2 mRNA in pancreatic islets of diabetic patients has been detected, in comparison with the non-diabetic individuals. In addition, a direct correlation between the increased gene expression and the number of copies of the T allele of the rs7903146 variant, has been identified even in non-diabetic individuals (Lyssenko et al. 2007 ).
Although there is evidence supporting the importance of TCF7L2 variants in T2DM, it is still controversy, the impact of these polymorphisms in patients with cardiovascular diseases (CVD). CVD are the primary morbidity/mortality causes in T2DM patients, particularly coronary artery disease (CAD), which may two to four times predominate in the diabetic patients (American Diabetes Association 2013). In a study performed on the Brazilian population, it has been detected an association between the T allele of the rs7903146 polymorphism with a higher frequency of coronary lesions and a more severe clinical presentation of CAD in non-diabetic patients (Sousa et al. 2009 ). Muendlein and collaborators (2011) , have found an association between both rs7903146 e rs12255372 risk alleles and CAD, in an Austrian population sample of diabetic patients. In contrast, other studies did not detect any significant association between TCF7L2 risk alleles and CAD (Bielinski et al. 2008) or T2DM (Barros et al. 2014) .
The objective of this study was to evaluate the association between the TCF7L2 rs12255372 (G/T) and rs7903146 (C/T) polymorphisms with T2DM in a sample of patients with CAD risk.
Materials and methods
Study design and sample characteristics. The sample was composed of 647 European descent patients (at least 18 years old) that underwent coronary angiography in the Cardiac Catheterization Lab (Hemodynamic Center of the Hospital Bruno Born), in the Lajeado city, RS, Brazil. Medical professionals referred all the participants to this study through either the Brazilian public health system or private health insurance with at least one of the following conditions: angina pectoris (approximately 70% of the patients), shortness of the breath, altered electrocardiogram or abnormal laboratory test results. Patients that were unconscious at the time of the examination or unable to understand the study were excluded from the sample group.
All individuals were asked to respond a semistructured questionnaire about their demographic information, family history of cardiovascular disease, alcohol consumption, tobacco use, physical activity, and current medication. Anthropometric data such as weight and height were collected in order to evaluate the body mass index (BMI), calculated by dividing the individual's weight (in kilograms) by the square of height (in meters). Systolic and diastolic arterial blood pressure were measured during the coronary angiography procedure. Also, peripheral blood was collected for biochemical analysis and DNA extraction.
The presence of T2DM was determined according to the American Diabetes Association (2013) diagnostic standards, which considers patients with a fasting glucose blood level ≤126 mg/dl to be diabetics. All participants were also classified in a global risk score (GRS) for the development of CAD, according to the Brazilian guideline on dyslipidemia and atherosclerosis prevention (Xavier et al. 2013) . The GRS considered the following variables: sex, age, total cholesterol levels, high-density lipoprotein cho-lesterol (HDL-c) levels, systemic arterial pressure, treated and untreated, tobacco use, and T2DM diagnosis. According to the GRS, patients were ranked as low, intermediate or high risk for CAD development. CAD diagnosis was evaluated by a cardiologist after considering the coronary angiography reports of the patients. The individuals were classified as cases if at least one significant coronary artery stenosis wider than 50% of the luminal diameter was present. Individuals with a coronary artery occlusion less than or equal to 50% of the luminal diameter were considered as the control group.
The Research Ethical Committee of the Universidade do Vale do Taquari -Univates (COEP/UNI-VATES), resolution 466/2012, approved this study. All participants of this study signed an informed consent form.
Biochemical analysis. The biochemical parameters, fasting glucose, total cholesterol, HDL-c, and triglycerides levels, were determined by the colorimetric method with commercial kits (BioClin®/Quibasa, Brazil) in the automated BS-120 system (Mindray® DS, USA, Inc). We confirmed the quality of the measurements using commercial normal and pathologic controls from BioClin®. All patients had a 12-hour fasting period before blood sample collection.
Molecular analyses. We performed DNA extraction using the salting out procedure, described by Lahiri and Nurnberger (1991) , and the samples were quantified by spectrophotometric optical density, in an L-Quant® equipment. For subsequent assays, all DNA samples were normalized to 20 ng/µl. The polymorphisms were genotyped by TaqMan Allelic Discrimination Assays (Thermo Fisher Scientific Inc.), in a StepOnePlus® real-time PCR system (Thermo Fisher Scientific Inc), according to the manufacturer's protocols. TaqMan assay codes were C_291484_20 for the rs12255372 and C_29347861_10 for the rs7903146.
Statistical analyses. Allele frequencies were obtained by direct counting and the Hardy-Weinberg equilibrium, for genotype frequencies, was tested with the chi-squared test. The MLOCUS software was used to estimate linkage disequilibrium and haplotype frequencies for the rs12255372 and rs7903146 polymorphisms. All genetic analyses were performed considering the formed haplotypes. The patients were grouped and represented as: 0 -carrying none disease risk allele (T, for both variants); 1 -carrying one or two risk alleles and 2 -carrying three or four risk alleles. Statistical analysis was performed using the SPSS (Statistical Package for Social Sciences) software version 21.0. Genetic effects in continuous clinical variables were tested by analysis of variance, for variables with normal distribution or by the corresponding non-parametric test (Kruskal-Wallis), for non-normal distribution variables. The chi-square test tested the association between the haplotypes and the categorical variables.
Results
The present study evaluated 647 individuals who were predominately males (58%) with an average age of 62.7±10.89 years. From the total number of individuals, 145 (22.4%) were classified as diabetic patients, 439 (67.8%) presented a high risk of the cardiovascular disease, according to the GRS, and 355 (55%) had a coronary stenosis diagnosed. The clinical and demographic characterizations of the sample are shown in Table 1 .
Allele and genotype frequencies of the rs12255372 and rs7903146 polymorphisms are shown in Table 2 . Genotype frequencies in both polymorphisms are in accordance with the Hardy-Weinberg equilibrium. Haplotype analysis revealed that the TCF7L2 variants investigated in this study are in linkage disequilibrium (D'=0.80) (p<0.001). The haplotype and diplotype frequencies are also shown in Table 2 .
No significant associations between the TCF7L2 haplotypes with the presence of T2DM (p=0.46) or with blood glucose levels (all patients, p=0.42; T2DM patients, p=0.43) were detected. Likewise, the haplotypes did not influence the presence of coronary stenosis (p=0.92) or the classification in the GRS for CAD development (p=0.77) ( Table 3) .
Discussion
Our findings suggest that there is no significant association between the TCF7L2 rs7903146 and rs12255372 polymorphisms and T2DM in Brazilian individuals studied. Besides, we did not detect any significant genetic effect on the fasting glucose levels of the patients. Our results diverge from most of the published studies to date that investigated the role of the TCF7L2 polymorphisms in the same variables (Cauchi et al. 2007; Lyssenko et al. 2007; Tong et al. 2009; Muendlein et al. 2011; Wang et al. 2013 ). On the other hand, our findings are consistent with two studies also conducted on Brazilian samples, which evaluated rs7903146 and rs12255372 polymorphisms in individuals with T2DM (Barros et al. 2014 ) and in women with gestational diabetes (de Melo et al. 2015) . Furthermore, it is important to remark that in the present study, T2DM was evaluated in a sample of patients undergoing coronary angiography, most of them with a high cardiovascular risk according to the GRS for CAD development. It is plausible that different susceptibility variants are acting upon patients that have isolated T2DM or patients having T2DM associated with other diseases, like the patients from our sample group.
Regarding CAD, we also did not find any significant association between the investigated polymorphisms with the presence of coronary stenosis or with the GRS for CAD development. The probable effect of those variants in coronary findings was not well elucidated yet, being reported in the current literature as controversial data. Our results are in agreement with Bielinski and collaborators (2008) , who did not find associations between CAD and the risk alleles of the TCF7L2. However, it is important to highlight the sample design differences, since Bielinski et al. (2008) have evaluated individuals from the Atherosclerosis Risk in Communities (ARIC) project, which had no previous cardiovascular disease manifestations at the beginning of the study. In our sample, recruited in a Catheterization Lab, the patients had already a suspect CAD or were pre-diagnosed with it. In the Brazilian population, Marquezine and collaborators (2008) have detected an association between the rs7903146 T allele and an increased risk of T2DM onset in CAD patients. However, in their sample, the allelic frequencies observed (C=0.58 and T=0.42) are very different from that found in our study (C=0.68 and T=0.32), as well as what that TC/TC 1 (0.2) Genotypes and diplotypes are expressed as n and (%). Alleles and haplotypes are expressed in absolute frequencies.
which is predicted for the European population (C=0.72 and T=0.28) (NCBI 2017) . In this context, it is possible to assume that although both studies have a similar clinical design the two populations may be genetically different, suggesting that factors like allele, and/or genetic heterogeneity may play a role in the onset of T2DM in CAD patients. In other study performed by the same research group, at this time with two independent patient groups with cardiovascular disease, an effect of rs7903146 variant only in non-diabetic patients has been shown. Carriers of the T allele had a higher incidence of coronary lesions, with a more severe CAD onset and affecting multiple blood vessels, when compared to non-diabetic patients carrying the CC genotype (Sousa et al. 2009 ). In a different study performed on an Austrian population, associations of both rs7903146 and rs12255372 polymorphisms with CAD and T2DM has been detected, but the effect was not observed in non-diabetic patients (Muendlein et al. 2011) .
Altogether, our findings agree with the concept that multifactorial diseases, like T2DM and CAD, are highly complex and reinforce the need to perform studies in different populations, especially considering the literature evidence of some population-specific genetic risk variants (Szabo et al. 2018) . In this scenario, it is relevant to show negative findings since they could be incorporated in future meta-analysis studies to clarify the role of TCF7L2 variants in these disorders. Although more than 150 genetic variants have already been associated with T2DM development, these variants account for only a small portion of the heritability of the disease, suggesting that factors such as gene-gene or gene-environment interacts has to be taken into account (Szabo et al. 2018) . Therefore, considering our results, it is reasonable to assume that TCF7L2 variants investigated here are only relevant for a specific subgroup of T2DM patients or in some particular population.
Finally, this study needs to be understood with considering certain limitations: first, the lack of the insulin secretion measurement; second, the absence of the glycosylated hemoglobin test, which would reinforce the T2DM diagnostic in our patient group; third, the relatively small number of patients used with diabetes; and fourth, the absence of the degree of coronary stenosis evaluation, in the CAD patients. CAD -coronary artery disease; T2DM -type 2 diabetes mellitus. Data are presented as n and (%) or median and (interquartile range). Haplotype groups: 0 = GC/GC; 1 = GC/TT + GC/GT + GC/TC + GT/GT + TC/TC; 2 = GT/TT + TC/TT + TT+TT.
